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Abstract

Purpose Association between serum leptin levels and

anthropometric parameter is well established in western

countries according to the specific WHO cut-off values

assigned for those populations, whereas it is not clearly

defined for Asians especially with respect to gender. Thus,

the objectives of this study were to determine the rela-

tionship of serum leptin levels with body mass index

(BMI), waist circumference (WC), waist to hip ratio

(WHR) to identify the variations of serum leptin levels

with gender and to evaluate the serum leptin levels in risk

and non-risk groups based on their anthropometric values.

Subjects/methods A cross-sectional study was carried out

among 226 apparently healthy subjects (non-diabetics, age

20–70 years). Height, weight, WC, hip circumference (HC)

and mid arm circumference (MAC) were measured. BMI,

WHR, waist to height ratio (WHtR) were calculated.

Fasting blood samples were collected. Serum leptin levels

were measured using human leptin ELISA kits.

Results Majority of the participants were females (59.3%).

Serum leptin levels were significantly higher in females

(24.8 ± 17.1 ng/mL) compared to males (9.3 ± 7.9 ng/

mL). Significant positive correlations (P\ 0.05) were

observed between serum leptin levels and all anthropo-

metric parameters except height in both genders. The risk

groups according to BMI, WC and WHR in females were

hyperleptinaemic and had significantly (P\ 0.05) higher

serum leptin levels than the non-risk groups.

Conclusions Linear trend was observed for serum leptin

levels with weight, BMI, WC, HC, WHR, MAC and WHtR

in both genders. Though the serum leptin levels were

higher among risk groups, according to WHR, WC and

BMI, the hyperleptinaemia was observed only among

females.

Level of evidence A descriptive cross-sectional study,

Level V

Keywords Leptin � Obesity � Anthropometry � Gender
differences

Introduction

Leptin is a peptide hormone produced predominantly by

adipose tissues. It is a product of ob gene. The leptin

controls energy expenditure and appetite [1]. Feedback

signal to the Central Nervous System (CNS) by leptin

regulates the energy homeostasis and feeding behaviors

[2]. Leptin when bound to the receptors in the hypothala-

mus inhibits the synthesis and release of hypothalamic

neuropeptide Y [3]. This neuropeptide Y enhances the

secretion of insulin, corticosteroids, food intake and reduce

thermo-genesis, thereby regulating the body weight of an

individual [3]. Hence defects in the action of leptin and ob

genes will lead to development of obesity [4]. Obesity is

defined as ‘a disorder of weight regulating system, char-

acterized by an excess accumulation of fat in the body’ [5].
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High prevalence of overweight and obesity, particularly

abdominal obesity is reported globally with a higher inci-

dence among South Asians. The data from around the

world further indicate a gender-based prevalence of obesity

with higher percentage of females in this risk category

compared to males [6].

Studies have indicated that higher serum leptin levels

are found in obese individuals in proportion to their body

fat content. This condition is referred to as hyperlepti-

naemia [3, 7], where leptin levels in serum exceed the

normal serum leptin range. Hyperleptinaemic condition

induces resistance to leptin receptors, eventually promoting

‘‘leptin resistance’’ in obese individuals [7]. This in turn

induces pancreatic b cells to secrete insulin continuously

thus, promoting hyperinsulinaemia which gradually leads

to the development of insulin resistance (IR) [9]. IR has

strong association with development of metabolic syn-

dromes and it’s also a characteristic feature of type 2 dia-

betes [10]. Elevated serum leptin level is reported to have

an association with IR suggesting that diabetics tend to

have altered serum leptin levels [11, 12]. Thus, the present

study was conducted in apparently healthy non-diabetic

subjects.

Anthropometric measurements and indices such as waist

circumference (WC), hip circumference (HC), mid arm

circumference (MAC), body mass index (BMI), waist to

hip ratio (WHR) and waist to height ratio (WHtR) are used

as simple standard measures to assess obesity and body fat

levels worldwide [13]. Both serum leptin and anthropo-

metric parameters are used to assess obesity. Thus, it would

be of value if both these parameters are compared as

parameters to assess obesity and related disorders.

Most studies carried out globally to assess the associa-

tion between serum leptin levels and anthropometric

parameters were carried out according to specific World

Health Organization (WHO) cut offs in western popula-

tions in order to study the applicability in the respective

nations [14]. The South Asian population is reported to be

more vulnerable in developing non communicable diseases

as they have more centralized deposition of body fat and

also have higher mean values for WHR and WC when

compared to Europeans [15]. However, research conducted

using the cut-off values of anthropometric parameters

especially assigned for Asian populations were scarcely

carried out along with serum leptin concentrations to

determine the associations, if any. Also, no studies have

been reported in apparently healthy subjects in a South

Asian population according to WHO modified cut offs for

Asians to study the relationship with serum leptin levels.

Thus, the aim of the present study was to compare the

serum leptin levels among a selected Sri Lankan popu-

lation of males and females with selected anthropometric

parameters and to evaluate the relationship between serum

leptin levels and the anthropometric parameters. Further,

this study aims to categorize the subjects as overweight/

obese and risk of development of non communicable

diseases (NCD) based on BMI, WC and WHR [16] for

Asians and to evaluate the serum leptin levels of these

groups.

Methods

Study design and population

This was a descriptive cross-sectional study carried out in

226 non-diabetics (age 20–70 years) who attended a clinic

attached to the Faculty of Medical Sciences, University of

Sri Jayewardenepura which is situated in Colombo, Sri

Lanka. All the participants for the study were selected

using a non-probability (convenience) sampling technique.

The study protocol was clearly explained to all the par-

ticipants and informed written consent was obtained prior

to the study. Non-diabetics [not diagnosed as having dia-

betes mellitus (DM)], adults aged between 20 and 70 years

and no past history of myocardial infarction, cancer, heart

failure and subjects with BMI values\40 kg m-2 were

included in the study. Exclusion criteria of the study were

individuals with diagnosed DM, pregnant mothers, cancer

patients, individuals with other chronic diseases like

tuberculosis, rheumatoid diseases, past history of myocar-

dial infarction/stroke, subjects with BMI val-

ues[40 kg m-2 and patients with cognitive impairment.

Pre-tested and standardized study instruments were used in

the data collection process. Interviewer administrated

questionnaire was used to collect information related to

socio-demographic factors and lifestyle characteristics.

Anthropometric parameters

The anthropometric measurements such as height, weight,

WC, HC and MAC were measured according to recom-

mended guidelines [17, 18]. Body weight of all the selected

participants was measured using an electronic weighing

scale (Chyo, Mu-150 K, Japan) to the nearest 0.01 kg.

Height of the participants was measured using a sta-

diometer to the nearest 0.1 cm. BMI, WHR and WHtR

were calculated using recommended guidelines [14, 18]. In

the present study, WHO modified anthropometric cut offs

for Asian populations were considered when grouping the

individuals [16] (Table 1).

Cut off values for MAC and WHtR were not specifically

defined for Asian population. Thus, these two parameters

were only used as continuous variable to assess the rela-

tionship with serum leptin status in the study population.
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Biochemical analysis

A fasting (12-h) venous blood sample was drawn from a

peripheral vein from all the participants by a trained

phlebotomist. Blood samples were collected into empty

sterile centrifuge tubes and allowed to clot for a sufficient

time (30–40 min). Serum was separated by centrifuging

(KUBOTA, 6800, Japan) at 3600 rotations per minute

(rpm) for 10 min at room temperature. An aliquot of 50 lL
serum of individual samples was stored at -20 �C for

batch analysis. The serum samples were tested for leptin

levels using the human leptin ELISA kits (DRG, EIA-

2395). ELISA reader (Immuno Mini NJ 2300, Japan) was

used to read the absorbance values. ELISA procedures

were followed as mentioned in the manuals of the kit and

absorbance values were measured. The standard curve for

the assay was constructed using the GraphPad Prism 6.02

software. The concentration of each sample was calculated

from the standard curve. All collected date were entered

and double checked for consistency.

Statistical analyses

Data were analyzed using the Statistical Package for Social

Science (SPSS) software version 15.0. Values of leptin

concentrations were log transformed to normalize the dis-

tribution. As leptin level varies with gender, serum leptin

analysis was carried out separately for males and females.

For comparative evaluations, the student’s t test was per-

formed. The Pearson correlation and non-linear regression

analysis were used to determine the independent effect of

anthropometric parameters on serum leptin concentrations.

The data were presented as mean ± standard deviation

(SD) and probability values less than or equal to 0.05 (two

tailed) were considered to be significant.

Results

Among 226 subjects, majority of the population were

females (59.3%) and within the age group of 18–38 years

(48.2% in the whole population). gender differences in the

serum leptin levels have been observed in previously

reported studies, thus serum leptin levels and anthropo-

metric parameters were analyzed separately for males and

females. Fasting serum leptin concentration ranged from

1.86 to 50.8 ng/mL in males and 2.24 to 90.43 ng/mL in

females. The ethnic variation of serum leptin concentration

and anthropometric parameters were not analyzed as 93.4%

of the study population was from one ethnic group (Sin-

halese). Table 2 presents the serum leptin levels and

anthropometric parameters of the selected population by

gender. Significant differences were observed in serum

leptin levels, weight, height, WC, MAC, WHR and WHtR

between males and females.

All studied continuous variables (anthropometric param-

eters) were used in a standard regression analysis to assess

the correlation with serum leptin levels. Table 3 indicates

the correlations between log-transformed serum leptin con-

centrations and selected anthropometric parameters accord-

ing to the gender. Among the male participants, all the

parameters except age, height and WHtR correlated signif-

icantly with leptin levels. All the other parameters correlated

significantly with serum leptin levels among females except

for height. Among females WHtR, BMI and WC yield

stronger correlation with the leptin levels (Table 3).

Serum leptin levels according to obesity grouping (WHO-

modified definition for Asians) with regard to BMI, WC and

WHRwere further analyzed to observe the difference if any.

These data were also analyzed separately for males and

females. According to the current finding, serum leptin levels

were significantly higher among risk groups compared to

non-risk groups except WHR in males (Table 4).

Discussion

Leptin is secreted into the circulation in a pulsatile manner

that follows a circadian rhythm. Secretion of leptin in the

body is affected by sleep pattern of an individual. Highest

levels of leptin secretion are found during midnight, early

morning and lowest during the afternoons [19]. Thus, the

sample collection was done during the morning hours.

In the present population, serum leptin levels were sig-

nificantly higher among females (24.8 ± 17.1 ng/mL)

when compared to males (9.3 ± 7.9 ng/mL). This was

consistently observed in numerous other studies among

western populations [3, 8, 20] as well as among other Asian

populations from China and Middle East countries [21–23].

Table 1 Guidelines for the classification of obesity for Asian popu-

lation Source [16]

Characteristics South Asian cut-off values

BMI

Underweight \18.5 kg m-2

Normal 18.5–22.9 kg m-2

Over weight 23–24.9 kg m-2

Obesity C25 kg m-2

WC

Obesity risk group [90 cm (male)

[80 cm (females)

WHR

Obesity risk group [0.89 (male)

[0.81 (female)
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Thus, the present study adds to the knowledge regarding

the gender difference in serum leptin levels of a South

Asian population. Reported studies have indicated that

higher serum leptin levels are found in proportion to the

body fat content. Thus, the differences of mean serum

leptin levels among males and females might be due to the

differences in fat metabolism and body fat distribution

pattern among females and males. It is well defined that

males generally have a lower percentage of body fat than

females. A healthy range of body fat for male is 10–15%

and for female is 20–25%. Fat storage among female is

mainly around the hip and thigh region whereas males have

the fat storage in and around the abdomen. Differences in

the fat metabolism may be due to gender difference in

hormones [24]. Furthermore according to other study

findings, hormone receptors and enzymatic reactions play a

major role for the gender difference observed in serum

leptin levels; however, the mechanisms responsible for the

above findings need to be further explored [24].

In addition, the data of the present study also adds some

weight to the findings of Mente about leptin and ethnic

variation (among South Asians and Western population)

[11]. In the above-mentioned study, South Asians living in

Canada had higher mean serum leptin levels when com-

pared to western study populations. South Asians are

reported to be more susceptible to develop central obesity

and this could be a reason for the presence of higher serum

leptin levels [16]. The serum leptin levels in this present

study were much similar to the serum leptin values of

South Asians living in Canada in the above-mentioned

study [11].

When considering the anthropometric data, the mean

BMI in both males and females, mean WC and WHR in

Table 2 Biochemical and

anthropometric parameters of

the population

Characteristics Males (n = 91) Females (n = 135) P value

Biochemical parameter leptin (ng/mL) 9.3 ± 7.9 24.8 ± 17.1 \0.001*

Anthropometric parameters

Height (cm) 167.1 ± 13.2 154.7 ± 7.5 \0.001*

Weight (kg) 68.3 ± 11.2 57.5 ± 11.7 \0.001*

WC (cm) 87.2 ± 10.5 81.0 ± 10.4 \0.001*

HC (cm) 98.2 ± 7.5 96.5 ± 8.9 0.245

MAC (cm) 30.2 ± 3.0 28.8 ± 4.1 0.006*

BMI (kg m-2) 24.0 ± 3.5 24.1 ± 4.3 0.693

WHR 0.89 ± 0.07 0.84 ± 0.08 \0.001*

WHtR 0.53 ± 0.11 0.52 ± 0.07 0.921

* The values are significantly different between males and females at 95% confidence interval. All the study

parameters are presented as mean ± SD

Table 3 Correlation coefficients (r) of log-transformed serum leptin

concentrations with anthropometric parameters

Characteristics Males (r) (n = 91) Females (r) (n = 135)

Age -0.099 0.236**

Weight 0.402** 0.367**

Height 0.076 -0.095

BMI 0.512** 0.467**

WC 0.358** 0.460**

HC 0.330** 0.356**

WHR 0.245* 0.288**

MAC 0.291* 0.402**

WHtR 0.148 0.482**

* Correlations are significant at the 95% confidence level (2-tailed)

** Correlations are significant at the 99% confidence level (2-tailed)

Table 4 Differences in mean serum leptin levels according to the

risk of development of central obesity

Characteristics Concentration of serum

leptin levels (ng/mL)

P value

Waist circumference

Male 7.2 (B90 cm) 0.002*

12.4 ([90 cm)

Female 17.1 (B80 cm) \0.001*

32.9 ([80 cm)

Waist to hip ratio

Male 8.3 (B0.89) 0.146

10.7 ([0.89)

Female 21.7 (B0.81) 0.008*

29.7 ([0.81)

BMI

Male 5.3 (\22.9 kg m-2) \0.001*

11.5 (C23 kg m-2)

Female 15.1 (\22.9 kg m-2) \0.001*

31.3 (C23 kg m-2)

* Mean differences in serum leptin levels are significant at 95%

confidence level
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females indicate that this populations is at risk of devel-

oping obesity (according to the WHO modified cut-off for

Asian) [16]. MAC and WHtR are considered as the novel

indicators to assess obesity and malnutrition. However,

data available to specify the cut-off values or values that

can be used in risk assessments using WHtR and MAC in

this population are very minimal. Thus, these two contin-

uous variable parameters were only used in this study to

assess the correlation with serum leptin levels.

In addition, different studies have stated different cut-off

values for WHtR. In as study Cai et al. had stated optimal

range/cut off for WHtR as 0.51–0.53 for males and

0.48–0.50 for females in a Chinese population [25] whereas

another study carried out by Yaguang, in the same popula-

tion had indicated 0.55–0.56 for males and 0.57–0.58 for

females as WHtR cut off values [26]. Both studies con-

ducted in Asian/Chinese population have recommended

WHtR risk cut-off point for cardio vascular diseases as C0.5

[25, 26]. WHtR cut-off values for the African population

(Haiti and Benin) was reported as 0.50 and 0.59 for males

and females, respectively [27]. According to our study

findings the mean WHtR for both genders is above 0.52.

According to the available data, cut-off values for MAC are

27 and 29 cm for males and females, respectively [28]. In

this present study, only the male population have a higher

mean MAC compared with reported cut off values. Thus, in

the present study population, both males and females are at

risk of developing non communicable diseases when

anthropometric parameters are considered as risk indicators.

Leptin levels are positively associated with weight,

BMI, WC, HC, WHR, MAC and WHtR in both genders

(Table 3). Previous studies have also established similar

patterns of correlations between serum leptin levels and

selected anthropometric parameters such as BMI, WC, HC

and WHR [20, 21, 23, 29–31]. In addition, the present

study has identified significant positive correlations for

serum leptin with MAC and WHtR which has not been

reported in other studies and adding a new knowledge. This

needs to be further established with more data from dif-

ferent populations round the world.

Furthermore the study results showed a non-significant

negative correlation between serum leptin levels and height

in females and a non-significant positive correlation in

males. However, height is not a reliable marker to determine

the serum leptin levels since height is a constant factor after

a period of age among both genders when compared to

weight. Serum leptin levels positively correlated with weight

irrespective of gender, and the relationship was significant

(P = 0.000) in both males and females [8, 32].

Serum leptin levels were significantly higher in risk

groups compared to non-risk groups in females. However,

there was no significant difference in serum leptin levels

between WHR risk and non-risk groups among males,

whereas, the serum leptin levels of BMI and WC risk and

non-risk groups were significantly different. There are no

reported studies comparing serum leptin levels in risk and

non-risk groups based on BMI, WC and WHR.

In the present study, leptin levels are associated with

selected anthropometric parameters in accordance with

other reported studies. According to reported data,

anthropometric parameters were categorized to indicate the

risk of developing obesity-related disorders among males

and females separately. But in the present study serum

leptin levels and anthropometric parameters were studied

together to assess the relationship between the two indi-

cators and to observe the variations in serum leptin levels

in the risk and non-risk for obesity. Further, this study is

unique where leptin levels were compared according to

WHO modified cut-off values for Asians and evaluated the

serum leptin levels in risk and non-risk groups.

Conclusion

Serum leptin levels of females were significantly higher

than that of males. In addition serum leptin levels showed a

positive correlation with weight, BMI, WC, HC, WHR,

MAC and WHtR in both males and females. Though the

serum leptin levels were higher among risk groups

according to WHR, WC and BMI the hyperleptinaemia

were observed only among females.

Acknowledgements The authors express their sincere gratitude to

the University of Sri Jayewardenepura, Sri Lanka for funding the

study (Research Grant ASP/06/RE/MED/2012/22). We thank all the

staff of the clinic attached to the Faculty of Medical Sciences.

Compliance with ethical standards

Conflict of interest The authors have no conflict of interest to

declare.

Ethics approval and consent to participate Ethical clearance for

the study was obtained from the Ethics Review Committee, Faculty of

Medical Sciences, University of Sri Jayewardenepura, Sri Lanka.

Written informed consent was obtained from all individual partici-

pants. All procedures performed in this study involving human par-

ticipants were in accordance with the ethical standards of the

institutional research committee.

Funding This study was funded by the University of Sri Jayewar-

denepura research grant, Sri Lanka. (Research Grant: ASP/06/RE/

MED/2012/22).

References

1. Bouassida A, Zalleg D, Bouassida S, Zaouali M, Feki Y, Zbidi A

et al (2006) Leptin, its implication in physical exercise and

training: a short review. J Sports Sci Med 5(2):172–181

(PubMed Central PMCID: PMC3827558)

Eat Weight Disord

123

Author's personal copy



2. Adami G, Campostano A, Cella F, Scopinaro N (2002) Serum

leptin concentration in obese patients with binge eating disorder.

Int J Obes Relat Metab Disord 26(8):1125–1128. doi:10.1038/sj.

ijo.0802010

3. Ruhl CE, Everhart JE (2001) Leptin concentrations in the United

States: relations with demographic and anthropometric measures.

Am J Clin Nutr 74(3):295–301 (PubMed Central PMCID:
PMC11522551)

4. Ren J (2004) Leptin and hyperleptinemia-from friend to foe for

cardiovascular function. J Endocrinol 181(1):1–10

5. Champe PC, Harvey RA, Ferrier DR (2008) Lippincott’s illus-

trated reviews: biochemistry, 4th edn. Lippincott Williams &

Wilkins, Wolters Kluwer, India

6. Rajapaksa LC, Arambepola C, Gunawardena N, Rosa C, Opatha

S (2011) Nutritional status in Sri Lanka, determinants and

interventions: A desk review. UNICEF, Colombo

7. Friedman JM (2002) The function of leptin in nutrition, weight,

and physiology. Nutr Rev 60(10):S1–S14. doi:10.1301/

002966402320634878

8. Iwamoto J, Takeda T, Sato Y, Matsumoto H (2011) Serum leptin

concentration positively correlates with body weight and total fat

mass in postmenopausal Japanese women with osteoarthritis of

the knee. Arthritis. doi:10.1155/2011/580632

9. Mohammadzadeh G, Zarghami N (2012) Serum leptin level is

reduced in non-obese subjects with type 2 diabetes. Int J Endo-

crinol Metab 11(1):3–10. doi:10.5812/ijem.6535

10. Walatara KN, Athiththan LV, Hettiaratchi UP, Perera PR (2006)

Importance of anthropometry in assessing insulin resistance as a

pre-alarming sign before the onset of metabolic syndrome: a

study among apparently healthy subjects. Int J Diabetes Dev

Ctries 1–8. doi:10.1007/s13410-015-0433-x

11. Mente A, Razak F, Blankenberg S, Vuksan V, Davis AD, Miller

R et al (2010) Ethnic variation in adiponectin and leptin levels

and their association with adiposity and insulin resistance. Dia-

betes Care 33(7):1629–1634. doi:10.2337/dc09-1392

12. Chu N, Stampfer M, Spiegelman D, Rifai N, Hotamisligil G,

Rimm E (2001) Dietary and lifestyle factors in relation to plasma

leptin concentrations among normal weight and overweight men.

Int J Obes Relat Metab Disord 25(1):106 (PubMed Central
PMCID: PMC11244465)

13. Gupta R, Rastogi P, Sarna M, Gupta V, Sharma S, Kothari K

(2007) Bodymass index, waist-size, waist-hip ratio and cardio-

vascular risk factors in urban subjects. J Assoc Physicians India

55:621–627 (PubMed Central PMCID: PMC18051732)
14. WHO Expert Consultation (2004) Appropriate body-mass index

for Asian populations and its implications for policy and inter-

vention strategies. Lancet (London, England) 363(9403):157.

doi:10.1016/S0140-6736(03)15268-3

15. Kaur N, Barna B (2010) Inter-relationship of waist-to-hip ratio

(WHR), body mass index (BMI) and subcutaneous fat with blood

pressure among university-going Punjabi Sikh and Hindu

females. Int J Med Med Sci 2(1):005–011

16. Vasudevan D, Stotts AL, Mandayam S, Omegie LA (2011)

Comparison of BMI and anthropometric measures among South

Asian Indians using standard and modified criteria. Public Health

Nutr 14(05):809–816. doi:10.1017/S1368980010003307

17. Cogill B (2003) Anthropometric Indicators Measurement Guide.

Food and Nutrition Technical Assistance (FANTA) Project, FHI

360, Washington, DC. https://www.fantaproject.org/sites/default/

files/resources/anthropometry-2003-ENG.pdf. Accessed 03 July

2017

18. Consultation WE (2008) Waist circumference and waist-hip ratio.

Report of a WHO expert consultation. World Health Organiza-

tion, Geneva, pp 8–11

19. Mantzoros CS, Magkos F, Brinkoetter M, Sienkiewicz E, Dar-

deno TA, Kim S-Y et al (2011) Leptin in human physiology and

pathophysiology. Am J Physiol Endocrinol Metab 301(4):E567–

E584. doi:10.1152/ajpendo.00315.2011 (PubMed Central
PMCID: PMC3191548)

20. Ganji V, Kafai MR, McCarthy E (2009) Serum leptin concen-

trations are not related to dietary patterns but are related to sex,

age, body mass index, serum triacylglycerol, serum insulin, and

plasma glucose in the US population. Nutr Metab 6(1):1. doi:10.

1186/1743-7075-6-3

21. Zhang S, Liu X, Brickman WJ, Christoffel KK, Zimmerman D,

Tsai H-J et al (2009) Association of plasma leptin concentrations

with adiposity measurements in rural Chinese adolescents. J Clin

Endocrinol Metab 94(9):3497–3504. doi:10.1210/jc.2009-1060

22. Al Maskari MY, Alnaqdy AA (2006) Correlation between serum

leptin levels, body mass index and obesity in Omanis. Sult

Qaboos Univ Med J 6(2):27 (PubMed Central PMCID:
PMC3074914)

23. Al-Sultan AI, Al-Elq AH (2006) Leptin levels in normal weight

and obese Saudi adults. J Family Community Med 13(3):97

(PubMed Central PMCID: PMC3410062)
24. Vella CA, Kravitz L (2002) Gender differences in fat metabolism.

IDEA Health Fit Source 20(10):36–46

25. Cai L, Liu A, Zhang Y, Wang P (2013) Waist-to-height ratio and

cardiovascular risk factors among Chinese adults in Beijing.

PLoS One 8(7):e69298. doi:10.1371/journal.pone.0069298

26. Peng Y, Li W, Wang Y, Bo J, Chen H (2015) The cut-off point

and boundary values of waist-to-height ratio as an indicator for

cardiovascular risk factors in Chinese Adults from the PURE

Study. PLoS One 10(12):e0144539. doi:10.1371/journal.pone.

0144539

27. Mabchour AE, Delisle H, Vilgrain C, Larco P, Sodjinou R, Batal

M (2015) Specific cut-off points for waist circumference and

waist-to-height ratio as predictors of cardiometabolic risk in

black subjects: a cross-sectional study in Benin and haiti. Dia-

betes Metab Syndr Obes 8:513. doi:10.2147/DMSO.S88893

28. Tang AM, Dong K, Deitchler M, Chung M, Maalouf-Manasseh

Z, Tumilowicz A et al (2013) Use of cutoffs for mid-upper arm

circumference (MUAC) as an indicator or predictor of nutritional

and health-related outcomes in adolescents and adults: a sys-

tematic review. FHI 360/FANTA, Washington, DC

29. Ayub N, Khan SR, Syed F (2006) Leptin levels in pre and post

menopausal Pakistani women. J Pak Med Assoc 56(1):3–5

30. Bahathiq S, Omar A (2010) Relationship of leptin hormones with

body mass index and waist circumference in Saudi female pop-

ulation of the Makkah Community. Open Obes J 2(1). doi:10.

2174/1876823701002010095

31. Chow VT, Phoon M (2003) Measurement of serum leptin con-

centrations in university undergraduates by competitive ELISA

reveals correlations with body mass index and sex. Adv Physiol

Educ 27(2):70–77. doi:10.1152/advan.00001.2003

32. Paul RF, Hassan M, Nazar HS, Gillani S, Afzal N, Qayyum I

(2011) Effect of body mass index on serum leptin levels. J Ayub

Med Coll Abbottabad 23(3):40–43 (PubMed Central PMCID:
PMC23272432)

Eat Weight Disord

123

Author's personal copy

http://dx.doi.org/10.1038/sj.ijo.0802010
http://dx.doi.org/10.1038/sj.ijo.0802010
http://dx.doi.org/10.1301/002966402320634878
http://dx.doi.org/10.1301/002966402320634878
http://dx.doi.org/10.1155/2011/580632
http://dx.doi.org/10.5812/ijem.6535
http://dx.doi.org/10.1007/s13410-015-0433-x
http://dx.doi.org/10.2337/dc09-1392
http://dx.doi.org/10.1016/S0140-6736(03)15268-3
http://dx.doi.org/10.1017/S1368980010003307
https://www.fantaproject.org/sites/default/files/resources/anthropometry-2003-ENG.pdf
https://www.fantaproject.org/sites/default/files/resources/anthropometry-2003-ENG.pdf
http://dx.doi.org/10.1152/ajpendo.00315.2011
http://dx.doi.org/10.1186/1743-7075-6-3
http://dx.doi.org/10.1186/1743-7075-6-3
http://dx.doi.org/10.1210/jc.2009-1060
http://dx.doi.org/10.1371/journal.pone.0069298
http://dx.doi.org/10.1371/journal.pone.0144539
http://dx.doi.org/10.1371/journal.pone.0144539
http://dx.doi.org/10.2147/DMSO.S88893
http://dx.doi.org/10.2174/1876823701002010095
http://dx.doi.org/10.2174/1876823701002010095
http://dx.doi.org/10.1152/advan.00001.2003

	Inter-relationship of serum leptin levels with selected anthropometric parameters among a non-diabetic population: a cross-sectional study
	Abstract
	Purpose
	Subjects/methods
	Results
	Conclusions
	Level of evidence

	Introduction
	Methods
	Study design and population
	Anthropometric parameters
	Biochemical analysis
	Statistical analyses

	Results
	Discussion
	Conclusion
	Acknowledgements
	References




